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1
METHOD AND APPARATUS FOR ROUTING
TRAFFIC USING ASYMMETRICAL OPTICAL
CONNECTIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 14/094,407, filed Dec. 2, 2013, which is cur-
rently allowed and is herein incorporated by reference in its
entirety.

BACKGROUND

As traffic across communications networks grow at a very
high rate, it is becoming increasingly important to make the
optical network more efficient. Capacity across networks
today is deployed in a symmetrical manner. For example, in
some networks wavelength circuits provide the same capacity
in both directions, with the result that the capacity in one
direction is often wasted. Thus, optical equipment used to
deploy capacity in both directions may add to costs of the
overall network even though the optical equipment that pro-
vides equal capacity in both directions is not needed.

SUMMARY

In one embodiment, the present disclosure provides a
method, computer-readable storage device and apparatus for
routing traffic in a reconfigurable optical add-drop multi-
plexer layer of a dense wavelength division multiplexing
network. In one embodiment, the method determines the
reconfigurable optical add-drop multiplexer layer has asym-
metric traffic, and routes the asymmetric traffic in the recon-
figurable optical add-drop multiplexer layer over a plurality
of'asymmetrical optical connections, wherein the plurality of
asymmetrical optical connections is provided with only uni-
directional equipment in the reconfigurable optical add-drop
multiplexer layer.

BRIEF DESCRIPTION OF THE DRAWINGS

The essence of the present disclosure can be readily under-
stood by considering the following detailed description in
conjunction with the accompanying drawings, in which:

FIG. 1 illustrates one example of a communications net-
work of the present disclosure;

FIG. 2 illustrates an example flowchart of a method for
routing traffic in a reconfigurable optical add-drop multi-
plexer layer of a dense wavelength division multiplexing
network; and

FIG. 3 illustrates a high-level block diagram of a general-
purpose computer suitable foruse in performing the functions
described herein.

To facilitate understanding, identical reference numerals
have been used, where possible, to designate identical ele-
ments that are common to the figures.

DETAILED DESCRIPTION

The present disclosure relates generally to the design of or
improvement of communications networks and, more par-
ticularly, to a method, computer-readable storage device and
apparatus for routing traffic in a reconfigurable optical add-
drop multiplexer layer of a dense wavelength division multi-
plexing network. As discussed above, as traffic across com-
munications networks grow at a very high rate, it is becoming
increasingly important to make the optical network more
efficient. Capacity across optical networks today is deployed
in a symmetrical manner. For example, in some networks
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wavelength circuits provide the same capacity in both direc-
tions, with the result that the capacity in one direction is often
wasted. Thus, optical equipment used to deploy capacity in
both directions may add to costs of the overall network even
though the optical equipment that provides equal capacity in
both directions is not needed.

One embodiment of the present disclosure identifies those
networks that have asymmetric traffic patterns (e.g., more
bandwidth is used or an amount of traffic in one direction is
greater than in another direction) and deploys or replaces all
bi-directional equipment (e.g., bi-directional transceivers
which are deployed in pairs, e.g., one at each terminating
node, to service bi-directional connections between two
nodes) with uni-directional equipment (e.g., transmitters or
receivers, which are deployed in pairs at two nodes to serve a
uni-directional connection from one node to the other). As a
result, a substantial cost savings and efficiency is gained as
the overall cost of equipment is reduced since some directions
may support less bandwidth than other directions and require
less bi-directional equipment. In addition, bandwidth is not
wasted as bi-directional equipment provides the same band-
width in both directions and are deployed based upon the
highest required bandwidth in one direction.

FIG. 1 illustrates an example communication network 100
of'the present disclosure. In one embodiment, the communi-
cation network 100 may be a DWDM network. In one
embodiment, the optical network 100 may include an Internet
Protocol (IP) layer 102, an optical transport network (OTN)
layer 104 and a reconfigurable optical add-drop multiplexer
(ROADM) layer 106.

In one embodiment, the communication network 100 may
span three different locations 110, 120 and 130 (also labeled
aslocation A, location B and location C). In one embodiment,
each one of the locations 110, 120 and 130 may include an IP
router, an OTN switch and a ROADM node. For example, the
location 110 may include an IP router A 112, an OTN switch
A 114 and a ROADM node A 116. The location 120 may
include an IP router B 122, an OTN switch B 124 and a
ROADM node B 126. The location 130 may include an IP
router C 132, an OTN switch C 134 and a ROADM node C
136.

It should be noted that although three different locations
are illustrated, the present disclosure may apply to any dif-
ferent number of locations within the communication net-
work 100. It should also be noted that although only a single
IP router, a single OTN switch and a single ROADM node are
illustrated in each one of the locations in FIG. 1, the commu-
nication network 100 may include any number of IP routers,
OTN switches and ROADM nodes at any one of the locations.

As illustrated in FIG. 1, in one embodiment, the commu-
nication network 100 may support 60 gigabytes per second
(Gbps) in one direction (e.g., from IP router A 112 to IP router
C 132) and 20 Gbps in another direction (e.g., from IP router
C132to [P router A 112). In previous optical network topolo-
gies, bi-directional equipment would be deployed to support
the required bandwidth in both directions. For example, two
40 Gbps transceivers (e.g., 80 total Gbps) may be deployed at
the ROADM layer 106 to support the 60 Gbps in the one
direction. However, since the bi-directional equipment pro-
vides the same bandwidth in all directions, the bi-directional
equipment would also provide 80 total Gbps in the other
direction that only requires 20 Gbps. As a result, 60 Gbps of
bandwidth would be wasted as well as the money used to
purchase the bi-directional equipment that provides the
unneeded bandwidth in both directions.

However, one embodiment of the present disclosure cre-
ates asymmetrical optical connections in the communication
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network 100 using uni-directional equipment to reduce the
overall cost of the communication network 100, to reduce
wasted bandwidth in the communication network 100 and to
increase the efficiency ofthe optical network 100. It should be
noted that the present communication network 100 is specifi-
cally for core backbone networks within a communication
network or mesh networks. In other words, the present dis-
closure does not include access networks, broadcast networks
or cable networks such as passive optical networks (PONs)
that distribute data from one to many (e.g., from a cable
headend to many subscribers). Currently, core backbone net-
works and regional/metro networks are all deployed using
bi-directional equipment that provides the same bandwidth in
all directions regardless of the actual amount of bandwidth
needed in a particular direction.

For example, FIG. 1 illustrates how uni-directional receiv-
ers (Rx) 150 and uni-directional transmitters (Tx) 152 may be
deployed. In one embodiment, bi-directional transceivers
having an equal amount of bandwidth in both directions may
be replaced with the uni-directional receivers 150 and the
uni-directional transmitters 152.

For example, the uni-directional equipment may be
capable of sending or transmitting a maximum of 40 Gbps.
Using the example above, since the bi-directional transceiver
provided 80 Gbps to support the needed 60 Gbps in a direc-
tion from the ROADM A router 116 to the ROADM C router
136, two receivers 150 and two transmitters 152 are deployed
at each ROADM node 116, 126 and 136 in a direction from
the ROADM A node 116 to the ROADM C node 136.

In the opposite direction from ROADM C router 136 to the
ROADM A router 116, only 20 Gbps need to be supported. As
aresult, only a single receiver 150 and a single transmitter 152
are deployed in a direction from ROADM C router 136 to the
ROADM A router 116. Thus, in the communication network
100, a plurality of asymmetric optical connections is created.
For example, 80 Gbps of bandwidth is available in one direc-
tion and only 40 Gbps is available in a second opposite
direction. In other words, by using the asymmetrical optical
connections, the communication network 100 only deploys
an extra 40 Gbps of capacity (e.g., 20 Gbps in one direction
and 20 Gbps in an opposite direction) versus an extra 80 Gbps
of capacity (e.g., 60 Gbps in one direction and 20 Gbps in an
opposite direction) that would be deployed in current optical
networks that use bi-directional equipment having the same
bandwidth in each direction.

In addition, the previous optical networks would by-pass
the OTN layer 104. In contrast, the creation of the asymmetric
optical connections allows the communication network 100
to change the route of the asymmetric traffic from by-passing
the OTN layer 104 to passing through the OTN layer 104 via
the OTN switch A 114, the OTN switch B 124 and the OTN
switch C 134. The asymmetric traffic may be multiplexed
with OTN circuits serving other links in the communication
network 100. As a result, the wavelength serving the 20 Gbps
link may not bypass or express through the ROADM node B
126.

As noted above, the embodiments of the present disclosure
are specific to an optical network, for example DWDM net-
works, having a ROADM layer 106 may be found in core
backbone networks (e.g., Internet Protocol/Multi-Protocol
Label Switching (IP/MPLS) networks) or regional/metro net-
works. In other words, the present disclosure is not intended
to apply to all networks in general, but rather a specific type of
network with a ROADM layer.

The ROADM may be defined as an optical add-drop mul-
tiplexer that adds the ability to add, drop or express-through
individual wavelengths from wavelength division multiplex-
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ing (WDM) system at the ROADM node. Furthermore, which
wavelength is to be added, dropped, or expressed through is
reconfigurable under remote control. This allows individual
or multiple wavelengths carrying data channels to be added
and/or dropped from a transport fiber without the need to
convert the signals on all of the WDM channels to electronic
signals and back again to optical signals. This enables many
wavelengths to travel through the ROADM node without
optical/electronic/optical (OEO) regeneration, while other
wavelengths carrying data channels can originate or be
received at a node. The data channels routed through the OTN
and/or the IP layer. This reduces the equipment required at
each node. ROADMs also allow for remote configuration and
reconfiguration and automatic power balancing. ROADM;s
can be directionless (e.g., ability to send wavelengths in any
direction), colorless (e.g., ability to send wavelengths on any
port on the network node). The ROADM may be, for
example, a wavelength blocking ROADM, a planar light-
wave circuit ROADM

In one embodiment, the remote switching may be achieved
through a user of a wavelength selective switching module.
For example, an outgoing optical signal can be generated and
multiplexed onto the DWDM transport system (e.g., the add
operation) or an incoming optical signal may be dropped
from the DWDM transport system and terminated (e.g., the
drop operation). A beam may also be passed through the
device without modification (e.g., the express-through opera-
tion).

FIG. 2 illustrates a flowchart of a method 200 for routing
traffic in a reconfigurable optical add-drop multiplexer layer
of a dense wavelength division multiplexing network. In one
embodiment, the method 200 may be performed by a general
purpose computer as illustrated in FIG. 3 and discussed
below.

The method 200 begins at step 202. At step 204, the method
200 calculates a symmetry ratio of a dense wavelength divi-
sion multiplexing network (DWDM). For example, in one
embodiment the symmetry ratio may be calculated in accor-
dance with Equation 1 below:

D lminle(A; > Z0), 1Z; — A)] Equation 1

i

Prework = s
> [max(t(A; > Z), 1(Z; > A)]

i

wherein p,,.,...,+ 18 the symmetry ratio of the entire network,
t(Z,—A,) is an amount of traffic in bits per second traveling
from node Z to node A for each link i and t(A,—Z,) is an
amount of traffic in bits per second traveling from node A to
node Z for each link i.

At step 206, the method 200 determines if the symmetry
ratio is greater than a threshold. In one embodiment, the
threshold for the symmetry ratio may be 0.5. If the symmetry
ratio is greater than the threshold, then the traffic on the
DWDM network is relatively symmetric and no changes are
needed. The method 200 may proceed to step 216 where the
method 200 ends.

However, referring back to step 206 if the method 200
determines that the symmetry ratio is less than the threshold,
the traffic on the DWDM network is asymmetric. The method
may proceed to step 208.

At step 208, the method 200 determines if there is an
existing DWDM network. For example, the symmetry ratio
may be calculated for a newly designed DWDM that is about
to be implemented or installed or for an existing DWDM
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network. If the symmetry ratio was calculated for a DWDM
network that does not exist yet, the method 200 may proceed
to step 210.

At step 210, the method 200 may deploy only uni-direc-
tional equipment in the reconfigurable optical add-drop mul-
tiplexer (ROADM) layer by replacing all bi-directional
equipment to create a plurality of asymmetrical optical con-
nections. For example, the bi-directional equipment may be
bi-directional transceivers and the uni-directional equipment
may comprise a transmitter only or a receiver only. In other
words, the uni-directional equipment only sends data in one
direction or receives data in one direction at a time (e.g., in a
directionless ROADM the uni-directional transmitter may
transmit East during one time period, and the ROADM can
then be reconfigured so that the transmitter is transmitting
West during another time period).

In one embodiment, the bi-directional equipment serving
asymmetric optical connections between two nodes may be
replaced by uni-directional equipment by determining a
required bandwidth for each direction between the two nodes.
Then, a number of the uni-directional equipment may be
deployed for each direction between the two nodes based
upon the required bandwidth of each direction and the maxi-
mum bandwidth supported by the uni-directional equipment.
For example, if a first direction of the optical connection
requires 60 Gbps and the second direction requires 20 Gbps
and the uni-directional equipment only supports a maximum
0t'40 Gbps, then two of the uni-directional transmitters would
be needed to serve the first direction and one uni-directional
transmitter would be required serve the second direction.
These would replace the bi-directional equipment required to
support 60 Gbps in both directions. The method may then
proceed to step 214.

Referring back to step 208, if the symmetry ratio was
calculated for a DWDM network that does not exist, then the
method 200 may proceed to step 212. At step 212, the method
200 may deploy only uni-directional equipment in the
ROADM layer to create a plurality of asymmetrical optical
connections. For example, since the DWDM network is not
yet deployed, the DWDM network may be designed and
implemented initially using only uni-directional equipment
in the ROADM layer. The method 200 may then proceed to
step 214.

At step 214, the method 200 routes the asymmetric traffic
in the ROADM layer over the plurality of asymmetrical opti-
cal connections. In one embodiment, routing the asymmetric
traffic using the plurality of asymmetrical optical connections
may result in changing a route of the asymmetric traffic. For
example, the route may, in one direction, travel from an IP
layer to the ROADM layer by by-passing an OTN layer in a
traditional optical network using bi-directional equipment.
However, by using the uni-directional equipment to create the
asymmetrical optical connections, the route may be changed
to travel from the IP layer to the ROADM layer via the OTN
layer, as illustrated in FIG. 1 and described above.

As a result, a substantial cost savings and efficiency is
gained as the overall cost of equipment is reduced since some
directions may now support less bandwidth than other direc-
tions and require less uni-directional equipment. In addition,
bandwidth is not wasted as bi-directional equipment provides
the same bandwidth in both directions and are deployed based
upon the highest required bandwidth in one direction. The
method 200 then proceeds to step 216 where the method 200
ends.

It should be noted that although not explicitly specified,
one or more steps or operation of the method 200 described
above may include a storing, displaying and/or outputting
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step as required for a particular application. In other words,
any data, records, fields, and/or intermediate results discussed
in the methods can be stored, displayed, and/or outputted to
another device as required for a particular application. Fur-
thermore, steps, operations or blocks in FIG. 2 that recite a
determining operation, or involve a decision, do not neces-
sarily require that both branches of the determining operation
be practiced. In other words, one of the branches of the
determining operation can be deemed as an optional step.

FIG. 3 depicts a high-level block diagram of a general-
purpose computer suitable foruse in performing the functions
described herein. As depicted in FIG. 3, the system 300 com-
prises one or more hardware processor elements 302 (e.g., a
central processing unit (CPU), a microprocessor, or a multi-
core processor), a memory 304, e.g., random access memory
(RAM) and/or read only memory (ROM), a module 305 for
routing traffic in a reconfigurable optical add-drop multi-
plexer layer of a dense wavelength division multiplexing
network, and various input/output devices 306 (e.g., storage
devices, including but not limited to, a tape drive, a floppy
drive, a hard disk drive or a compact disk drive, a receiver, a
transmitter, a speaker, a display, a speech synthesizer, an
output port, an input port and a user input device (such as a
keyboard, a keypad, a mouse, a microphone and the like)).
Although only one processor element is shown, it should be
noted that the general-purpose computer may employ a plu-
rality of processor elements. Furthermore, although only one
general-purpose computer is shown in the figure, if the meth-
od(s) as discussed above is implemented in a distributed or
parallel manner for a particular illustrative example, i.e., the
steps of the above method(s) or the entire method(s) are
implemented across multiple or parallel general-purpose
computers, then the general-purpose computer of this figure
is intended to represent each of those multiple general-pur-
pose computers. Furthermore, one or more hardware proces-
sors can be utilized in supporting a virtualized or shared
computing environment. The virtualized computing environ-
ment may support one or more virtual machines representing
computers, servers, or other computing devices. In such vir-
tualized virtual machines, hardware components such as
hardware processors and computer-readable storage devices
may be virtualized or logically represented.

It should be noted that the present disclosure can be imple-
mented in software and/or in a combination of software and
hardware, e.g., using application specific integrated circuits
(ASIC), a programmable logic array (PLA), including a field-
programmable gate array (FPGA), or a state machine
deployed on a hardware device, a general purpose computer
or any other hardware equivalents, e.g., computer readable
instructions pertaining to the method(s) discussed above can
be used to configure a hardware processor to perform the
steps, functions and/or operations of the above disclosed
methods. In one embodiment, instructions and data for the
present module or process 305 for routing traffic in a recon-
figurable optical add-drop multiplexer layer of a dense wave-
length division multiplexing network (e.g., a software pro-
gram comprising computer-executable instructions) can be
loaded into memory 304 and executed by hardware processor
element 302 to implement the steps, functions or operations
as discussed above in connection with the exemplary method
200. Furthermore, when a hardware processor executes
instructions to perform “operations”, this could include the
hardware processor performing the operations directly and/or
facilitating, directing, or cooperating with another hardware
device or component (e.g., a co-processor and the like) to
perform the operations.
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The processor executing the computer readable or software
instructions relating to the above described method(s) can be
perceived as a programmed processor or a specialized pro-
cessor. As such, the present module 305 for routing traffic in
areconfigurable optical add-drop multiplexer layer of a dense
wavelength division multiplexing network (including associ-
ated data structures) of the present disclosure can be stored on
a tangible or physical (broadly non-transitory) computer-
readable storage device or medium, e.g., volatile memory,
non-volatile memory, ROM memory, RAM memory, mag-
netic or optical drive, device or diskette and the like. More
specifically, the computer-readable storage device may com-
prise any physical devices that provide the ability to store
information such as data and/or instructions to be accessed by
a processor or a computing device such as a computer or an
application server.

While various embodiments have been described above, it
should be understood that they have been presented by way of
example only, and not limitation. Thus, the breadth and scope
of a preferred embodiment should not be limited by any of the
above-described exemplary embodiments, but should be
defined only in accordance with the following claims and
their equivalents.

What is claimed is:
1. A method for routing traffic in a reconfigurable optical
add-drop multiplexer layer of a dense wavelength division
multiplexing network, the method comprising:
determining, by a processor, the reconfigurable optical
add-drop multiplexer layer has asymmetric traffic; and

routing, by the processor, the asymmetric traffic in the
reconfigurable optical add-drop multiplexer layer over a
plurality of asymmetrical optical connections, wherein
the plurality of asymmetrical optical connections is pro-
vided with only uni-directional equipment in the recon-
figurable optical add-drop multiplexer layer, wherein
the asymmetric traffic is determined by a symmetry ratio
of an entire network being below a threshold.

2. The method of claim 1, wherein the reconfigurable opti-
cal add-drop multiplexer layer is in communication with an
internet protocol layer and an optical transport network layer.

3. The method of claim 1, wherein the symmetry ratio is
calculated by an equation of,

> mint(A; - Zy), 1Z; > A)]

i

Pretwork =
> [max((A; > Z), 1Z - A)]

i

wherein p,, ...+ 18 the symmetry ratio of the entire network,
t(Z,—~A,) is an amount of traffic in bits per second traveling
from node Z to node A for each link i and t(A,—Z,) is an
amount of traffic in bits per second traveling from node A to
node Z for each link i.
4. The method of claim 1,
wherein the uni-directional equipment is for replacing bi-
directional equipment; and
wherein the replacing comprises:
determining a required bandwidth of each direction sup-
ported by the bi-directional equipment; and
determining a maximum bandwidth supported by the
uni-directional equipment; and
deploying a number of the uni-directional equipment for
each direction supported by the bi-directional equip-
ment based upon the required bandwidth of each

8

direction supported by the bi-directional equipment
and the maximum bandwidth supported by the uni-
directional equipment.
5. The method of claim 4, wherein the bi-directional equip-
5 ment comprises a transceiver.
6. The method of claim 1, wherein the routing comprises:
changing, by the processor, a route of the asymmetric traf-
fic in one direction from travelling directly from an
internet protocol layer to the reconfigurable optical add-

10 drop multiplexer layer by by-passing an optical trans-
port network layer to travelling from the internet proto-
col layer to the reconfigurable optical add-drop
multiplexer layer via the optical transport network layer.

s 1A non-transitory computer-readable storage device stor-

ing a plurality of instructions which, when executed by a
processor, cause the processor to perform operations for rout-
ing traffic in a reconfigurable optical add-drop multiplexer
layer of a dense wavelength division multiplexing network,
the operations comprising:

determining the reconfigurable optical add-drop multi-

plexer layer has asymmetric traffic; and

routing the asymmetric traffic in the reconfigurable optical

add-drop multiplexer layer over a plurality of asym-
metrical optical connections, wherein the plurality of
asymmetrical optical connections is provided with only
uni-directional equipment in the reconfigurable optical
add-drop multiplexer layer, wherein the asymmetric
traffic is determined by a symmetry ratio of an entire
network being below a threshold.

8. The non-transitory computer-readable storage device of
claim 7, wherein the reconfigurable optical add-drop multi-
plexer layer is in communication with an internet protocol
layer and an optical transport network layer.

9. The non-transitory computer-readable storage device of
claim 7, wherein the symmetry ratio is calculated by an equa-
tion of,
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40 > mint(A; - Z), 1Z; > A)]

i

Prework =
> [max((A; > Z), 1(Z - A)]

i

wherein p,,.,...,+ 18 the symmetry ratio of the entire network,
t(Z,—A,) is an amount of traffic in bits per second traveling
from node Z to node A for each link i and t(A,—Z,) is an
amount of traffic in bits per second traveling from node A to
node Z for each link i.
10. The non-transitory computer-readable storage device
of claim 7,
wherein the uni-directional equipment is for replacing bi-
directional equipment; and
wherein the replacing comprises:
determining a required bandwidth of each direction sup-
ported by the bi-directional equipment; and
determining a maximum bandwidth supported by the
uni-directional equipment; and
deploying a number of the uni-directional equipment for
each direction supported by the bi-directional equip-
ment based upon the required bandwidth of each
direction supported by the bi-directional equipment
and the maximum bandwidth supported by the uni-
directional equipment.
11. The non-transitory computer-readable storage device
of claim 10, wherein the bi-directional equipment comprises
a transceiver.
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12. The non-transitory computer-readable storage device
of claim 7, wherein the routing comprises: > Iminte(4; - Z0). 1 > A)]

i

Prework =
> [max((A; > Z), 1(Z - A)]
5 i

changing, by the processor, a route of the asymmetric traf-
fic in one direction from travelling directly from an
internet protocol layer to the reconfigurable optical add-
drop multiplexer layer by by-passing an optical trans-
port network layer to travelling from the internet proto- wherein Pretwork is the symmetry .rati.o of the entire netwqu,
col layer to the reconfigurable optical add-drop t(Z,—A,) is an amount of traffic in bits per second traveling

: : : from node Z to node A for each link i and t(A,—Z,) is an
multiplexer layer via the optical transport network layer. 1, amount of traffic in bits per second traveling ﬁ(‘orln noge Ato

13. An apparatus for routing traffic in a reconfigurable node 7 for each link i.
optical add-drop multiplexer layer of a dense wavelength 16. The apparatus of claim 13,
division multiplexing network, the apparatus comprising: wherein the uni-directional equipment is for replacing bi-
directional equipment; and

a processor; and . . .
15 wherein the replacing comprises:

a computer-readable storage device storing a plurality of determining a required bandwidth of each direction sup-
instructions which, when executed by the processor, ported by the bi-directional equipment; and
cause the processor to perform operations, the opera- determining a maximum bandwidth supported by the
tions comprising; uni-directional equipment; and

20 deploying a number of the uni-directional equipment for
each direction supported by the bi-directional equip-
ment based upon the required bandwidth of each

determining the reconfigurable optical add-drop multi-
plexer layer has asymmetric traffic; and

routing the asymmetric traffic in the reconfigurable opti- direction supported by the bi-directional equipment
cal add-drop multiplexer layer over a plurality of aI}d the maxim}lm bandwidth supported by the uni-
asymmetrical optical connections, wherein the plural- directional equipment. ) o
ity of asymmetrical optical connections is provided 17. The apparatus of claim 16, wherein the bi-directional

equipment comprises a transceiver.

18. The apparatus of claim 13, wherein the routing com-
prises:

changing, by the processor, a route of the asymmetric traf-

with only uni-directional equipment in the reconfig-
urable optical add-drop multiplexer layer, wherein the
asymmetric traffic is determined by a symmetry ratio

of an entire network being below a threshold. 30 fic i ST . .
¢ in one direction from travelling directly from an
14. The apparatus of claim 13, wherein the reconfigurable internet protocol layer to the reconfigurable optical add-
optical add-drop multiplexer layer is in communication with drop multiplexer layer by by-passing an optical trans-
an Internet protocol layer and an optical transport network port network layer to travelling from the internet proto-
layer. col layer to the reconfigurable optical add-drop

15. The apparatus of claim 13, wherein the symmetry ratio multiplexer layer via the optical transport network layer.

is calculated by an equation of, I T S



